Despite many years of work by conscientious and reliable investigators, many of the precise biologic changes and biochemical mechanisms of man's allergic eczematous contact-type reaction remain unknown. In the study of this problem many investigative methods have been used. However, until recent years none of these has allowed for actual tracing of the allergen in question.
The introduction of radioactive forms of simple chemicals made possible yet another means of studying this important mechanism. Among the many basic and unanswered problems concerning the pathogenesis of allergic eczematous contact dermatitis in man we considered the following particularly important and of such a nature as to lend themselves to study with selected radioactively tagged simple chemical allergens: (1) 'What are the routes of penetration of the allergen into and through the skin; (2) what are the sites of localization of the allergen; (3) is there any relationship between the localization of the allergen and the histologic site of reaction; and (4) what is the route of spread of the allergen from the site of application on the skin?
For our investigations we selected radioactive bichloride of mercury, in which the mercury was the tagged allergen. Mercury203 was chosen as radiation from this isotope would permit the desired studies and because sufficient subjects with known allergic eczematous contact-type sensitivity to mercury were available among the patients registered at out institution. INVESTIGATIVE 
STUDIES

Experiment 1 Procedure
As a preliminary and control study five subjects who were being treated for various dermatoses at the New York Skin and Cancer Unit and who had no history of allergic sensitivity to mercurials were selected for patch testing with radioactive bichloride of mercury ( Description of Solution: Radioactive mercury (Hg203) was purchased* as a 0.5 percent aqueous solution of mercuric chloride with a specific activity of 40 microcuries per milligram. This preparation was diluted with water in order to make a 1:1000 solution, the standard concentration used for routine patch testing.
Hg' has a half-life of 45 days and emits both beta and gamma radiation. These radioactive properties made the intended study feasible as the beta rays would produce adequate autoradiograms and the gamma emissions would permit scintillation counting.
The solution of Hg*C12 was applied to selected areas on the lower back. The areas first were cleansed with alcohol and allowed to dry, following which a square piece of rubber tape having a central hole 5 mm in diameter was cemented in place with rubber cement. A measured quantity of the radioactive solution (containing 0.068 to 0.23 microcuries) was pipetted onto the exposed 0.2 cm2 area of skin. The liquid was allowed to dry, following which the circular opening was sealed with Scotch tape. Over this an occlusive adhesive dressing was applied. Approximately 48 hours later the adhesive dressing, Scotch tape and rubber tape were removed. After waiting, usually 20-30 minutes for the immediate reaction caused by the removal of the tapes to subside, the central circular area was examined for any grossly visible reaction. When reactions were noted they were recorded according to the modified Bloch classification.f
The tested sites were then excised with scalpel under local procaine block anesthesia. The biopsy specimens were prepared by one or more of the following methods: (1) Frozen sections cut on the freezing microtome; (2) fixation in Bouin's solution, embedding in paraffin and routine sectioning; and (3) dehydration and embedding of the tissue using the freeze-dry technic, followed by routine sectioning.
In each instance the cut tissue sections were placed on nuclear track plates (Kodak type NTB or NTB2). These were exposed long enough (usually 10 to 21 days) to produce autoradiograms which could be satisfactorily read under the microscope (1) (2).
Results
Clinical: Each of the patch test sites were negative when read approximately 48 hours after application of the Hg*Clo solution. Thus, there was no clinical evidence of allergic sensitivity to this mercury compound in the five control subjects tested.
Histologic: Microscopic study of the epidermis and cutis showed no changes when compared to tissue sections cut from skin exposed to non-radioactive bichloride of mercury (HgCI2). There were no evidences of spongiosis or vesiculation ( Fig. 1) . It should be pointed out that the tissue sections which were studied microscopically were mounted on the nuclear track emulsion and stained with lithium carmine and picric acid alcohol (1) . Sections prepared in this manner do not show the degree of cellular detail which is visible with the ordinary tissue stains of sections mounted directly on glass slides.
Autoradiographic: Microscopic study of the autoradiograms prepared from the above biopsy specimens revealed localization of the Hg203 on the surface and within the epidermis of all sections, and within the hair follicles of most sections * Tracerlab, Inc., Boston, Mass. f 0-no reaction; (+)-faint erythema; +-definite erythema; + +-erythema, edema and beginning papule and vesicle formation; +++-papule and vesicle formation, erythema and edema, or bullae; ++++-large confluent bullae, erythema and edema, or denudation and necrosis.
Fm. 1. A specimen of skin from a patient not allergically sensitive to mercurials, biopsied two days after topical application of radioactive bichloride of mercury in aqueous solution. The autoradiogram is prepared from a section cut almost perpendicular to the epidermis and demonstrates the localization of the radioactive mercury on the surface, within the epidermis and within a hair follicle. There is no evidence of spongiosis orvesiculation within the epidermis. (Magnification: 180X) Note: Histologic detail is lacking because the critical focus is on the photographic emulsion which is beneath the level of the tissue section.
( Fig. 1) . The localization in the sweat dncts could not be demonstrated with certainty.
The presence of rather course grains in the emulsion of the nuclear track plates, in addition to the smaller grains which indicated radioactivity, prompted us to suspect a possible histochemographic effect* (3) (4). In the particular tissue sections under study the coarser grains were predominantly under epidermal structures.
* When sections of tissue are placed in direct contact with nuclear track emulsions, coarse irregular grains of silver salts are sometimes seen under certain of the tissue structures when examined under the microscope. While the exact cause of this action is now known, investigators have suspected that various chemicals and chemical compounds which constitute the tissue, or are added for any purpose, react directly on the silver salts within the emulsion to produce changes which become black on photographic developing. 
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We feel that careful study of each of the autoradiograms enabled us to differentiate between histochemographic effect and the effect of the radioactivity from the Hg203.
Experiment 2 Procedure
Nine subjects who previously had been shown to have an allergic eczematous hypersensitivity to HgCl2 on topical application were tested in the following manner: To an area on the lower aspect of the back of each subject a square of rubber tape with a central opening 5mm in diameter was cemented on as described in Experiment 1. Ten lambda (0.010 ml) of a 1:1000 aqueous solution of Hg5C12 was pipetted onto the skin through the circular opening. This area was sealed by the same method used in Experiment 1.
The tests were left in place for approximately 48 hours at which time the test sites were exposed. Twenty to 30 minutes later the sites were read and the responses recorded.
An excision biopsy of the site exposed to the Hg*Cls was performed in eight cases. The excised tissue was processed as described under Experiment 1. Clinical: Chart 1 gives the results of patch test responses to bichloride of mercury, 1: 1000 aqueous solution, noted for eleven subjects. On comparing the results of the present tests using Hg*Cl2 with those done previously using HgC12, six of the eleven subjects had complete loss of clinical patch test reaction and four showed decreases varying from 1 to 2+. Only one subject (AK.) showed an increase in reaction. In comparing the results of previous patch tests with the * At the same time that the Hg*Cls was applied to the back, two other tests were applied in linear fashion, each approximately 1 inch below the other. These were (1) 0.010 ml of a 1:1000 aqueous solution of non-radioactive HgC12. (This was applied in the same way as the radioactive material); and (2) 0.010 ml of a 1:1000 aqueous solution of non-radioactive HgCls was pipetted onto a )4 inch square of cotton sheeting. This was applied to the skin as an ordinary patch test. Fin. 2. A specimen of skin from a patient known to be allergically sensitive to mercurials, biopsied two days after topical application of radioactive bichloride of mercury in aqueons solution. The autoradiogram is prepared from a section cut perpendicular to the epidermis and demonstrates the localization of the radioactive mercury on the surface and within the epidermis. A vesicle and some spongiosis is noted. (Magnification: 2501<) Notc: Histologic detail is lacking because the critical focus is on the photographic emulsion which is beneath the level of the tissue section.
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present ones it is important to point out that, while all of the reactions were read according to the same criteria, the previous patches were (1) applied by different persons using a solution of non-radioactive HgC12, (2) the amount of solution used at the first testing was probably greater than the 0.010 ml used in our tests, and (3) the reactions were interpreted and recorded by different observers.
Histologic: Chart 2 summarizes the microscopic findings of the tissue sections prepared for autoradiography in eight cases. With the exception of Case T.A.
the histologic presence of spongiosis and vesiculation corresponds to the positive clinical patch test responses (Fig. 2) .
Autoradiographic: Autoradiograms of the tissue sections prepared according to the procedure given under Experiment 1 showed radioactivity on the surface and within the epidermis of all sections, in the hair follicles of most sections and in the sweat ducts of a few sections. There was no apparent concentration of radioactivity at any particular areas within the epidermal rete, within the cutis nor in particular concentrations in relation to the sites of spongiosis, the vesicles or blood vessels (Fig. 2) .
Experiment 3 Procedure
In an attempt to demonstrate a spread of the radioactive mercury from the skin site of application, five of the eleven subjects tested in Experiment 2 (all of whom gave a positive reaction either clinically or microscopica]ly) and two controls (subjects not known to possess allergic sensitivity to mercurials) were tested in the following manner: In the case of the patients used in Experiment 2, at the time the patch tests were removed from the patient's back, the site to which the Hg*C1, had been applied was examined as described below. In the case of the control subjects, the Hg*C12 was applied to the lower back in the same manner as outlined in Experiment 2. The patches were removed from both groups of subjects approximately 48 hours after application. In each instance the counts were made within 20 to 30 minutes after removal of the patches.
The site of application of the radioactive material was covered with a layer of 25 gauge (approximately 0.8 microns thick) Mylar*. This thin film permitted the gamma radiation from the radioactive mercury to pass through to the columnated scintillation probe yet prevented any radioactive contamination of the probe as it was placed in contact with the patient's body in order to count the radioactivity at various sites. Chart 3 tabulates the average counts per minute at various sites for the two groups of subjects tested.
Results
According to Chart 3 the skin sites to which the Hg*C12 patch test were applied had several times more radioactivity than background. The patch itself possessed many times the background count. All of the other sites gave counts within the background range. Thus, at approximately 48 hours after its application, according to the technic used and at the sites examined there was no demonstrable spread of the radioactive allergen (Hg*Cl2) from the patch test site for either group of patients.
DISCUSSION AND CONCLUSION
The recent investigations of Haxthausen (5) with radioactive cobalt chloride and those of Norgaard (6) with radioactive nickel sulfate failed to demonstrate any differences in the time or rate of disappearance of either of these tagged allergens from the sites of application on the skin of patients known to have a contacttype eczematous allergy to the particular test substance and patients not manifesting allergic sensitivity to the same chemical. Our own investigations, started independently several years ago, were designed to ascertain whether or not there would be any differences in the routes of penetration and sites of deposition and localization of radioactively labelled allergen when applied to the skin of subjects known to have a contact-type allergic eczematous sensitivity to the particular allergen as compared to controls not allergically sensitive to the same allergen.
Autoradiograms of tissue sections prepared from biopsy specimens taken from areas of human skin tested with a solution of radioactive bichloride of mercury (Hg*Cl2) failed to show any differences in the sites of localization in the skin of subjects known to be allergic to the compound and giving microscopically positive patch test responses as compared to those not allergic to the same compound and giving microscopically negative patch test responses. In both groups of subects autoradiograms regularly demonstrated the radioactive mercury to be on the surface and within the epidermis, usually in the hair follicles and occasionally in sweat ducts. While it is possible that there may be quantitative differences in the radioactive mercury deposits in the allergic as compared to the non-allergic subjects the technic employed would not permit such a fine differentiation. The eczematous sensitization is one of the subdivisions of the delayed type of hypersensitivity, of which the tuberculin type is the best known and the most studied. In the tuberculin sensitized animal there is a difference. Many years ago Krause and Willis sensitized guinea pigs to avirulent tubercle bacilli; subsequently, they inoculated virulent tubercle bacilli into the skin and measured the time it took for them to reach the regional nodes. This time was compared with that required in normal guinea pigs, and a definite difference was found between the sensitized and the non-sensitized animal. The sensitized seemed to hold or to localize the injected bacilli at the site of introduction for a much longer time.
Some years ago Rostenberg, Rodriguez and Last (J. Allergy 21: 217 May 1950) studied an adrenergic blocking drug which also sensitized many of the persons to whom it was applied. It occurred to us that here was a unique opportunity to study the effect of a sensitization on the pharmacologic properties of a drug. The drug's effect could be measured before and after sensitization, and it could be determined if there was a difference.
In the persons who developed an eczematous sensitization to the drug, its effect was measured at the height of eczematous reaction and it was found that, if anything, it blocked better. We postulated that the drug was held in situ for a longer period of time; that one end was fastened as part of the sensitization but the other was free and could exert its usual pharmacologic effect. It thus appears that there is evidence from the related field of tuberculin type sensitization and from our own work in the eczematous sensitization that the sensitized person handles the allergen differently than the non-sensitized. The failure of the studies by Dr. Witten ci at to reveal any difference, I believe, is 347 because of the nature of the method rather than because differences do not exist. I think Dr. Witten is to be congratulated on these studies and should continue them, exploring the time required for the radioactive tagged molecules to get to the lymph nodes, if they ever do, and find out if there is a difference in this respect between the sensitized and the non-sensitized person.
DR. RAYMOND R. STJSKIND, (Cincinnati, Ohio): The method of approach employed by the essayists to this very difficult problem is most revealing. Their primary objectives were to determine the route of percutaneous absorption of the sensitizers, their localization, the route of spread of the tagged sensitizer, and the relationship between localization and patch test reactivity. If all of the objectives were not covered today by the presenter, it is perhaps due to the limitation in time. One of the objectives was to determine the route of spread. The route of spread may be regarded as the pathway the allergen may follow after getting through the epidermis and especially to areas where antibodies are likely to be formed. Can you give us some idea as to whether the route of spread into the dermis and to other organ systems was considered?
I think that this presentation demonstrates how effective radioautography DR. WILLIAM EPSTEIN, (Philadelphia, Penna.): Two points struck me during this presentation: (1) there are large amounts of radioactive material in the hair follicles as well as smaller amounts just beneath the epidermis, indicating a normal absorption pattern. Since the histologic changes of allergic contact dermatitis are relatively uncommon in the hair and surrounding blood vessels it would appear that this technic is too sensitive and not selective enough to pick up possible minor differences in absorption. Perhaps only transepidermal absorption is important in eliciting contact dermatitis. (2) I wonder if the authors determined the changes occurring when the allergen is removed shortly after application. We have found that in a very sensitive person if you apply the allergen and then wipe it off within one to ten minutes you will still get a 4+ reaction. Dr. Rostenberg asked whether we did determine the time for the spread of activity from skin to lymph nodes. That work had not been done before I left the Skin and Cancer unit, but as we noted no increased count with the scintillation probe when measuring the skin overlying the lymph nodes no spread was demonstrable. We found no evidence of radioactivity even one inch away from the patch test site.
Dr. Suskind asked about the route of penetration. Following application of the radioactive bichloride solution on the surface of the skin we were able to demonstrate by autoradiography that it had penetrated into the epidermis and hair follicles. Covered patch tests were used. As to the routes of spread to other organ systems, the only studies that were done on man were on the urine; urinalysis were negative for radioactivity.
Dr. Epstein, we did not wipe off the patch test site.
I will carry all these suggestions back to Dr. Witten and I am sure he will follow through on them.
